New high-precision samarium-neodymium isotopic data for chondritic meteorites show that their 142 Nd/ 144 Nd ratio is 20 parts per million lower than that of most terrestrial rocks. This difference indicates that most (70 to 95%) of Earth's mantle is compositionally similar to the incompatible element-depleted source of mid-ocean ridge basalts, possibly as a result of a global differentiation 4.53 billion years ago (Ga), within 30 million years of Earth's formation. The complementary enriched reservoir has never been sampled and is probably located at the base of the mantle. These data influence models of Earth's compositional structure and require revision of the timing of global differentiation on Earth's Moon and Mars.
Radiogenic isotope tracers are often used to understand the chemical evolution of planetary bodies. In one system, Sm decays to Nd via two radioactive decay schemes: 146 Sm-142 Nd Ehalf-life T 1/2 0 103 million years (My)^and 147 Sm-143 Nd ET 1/2 0 106 billion years (Gy)^). Both Sm and Nd are refractory lithophile (prefer silicates over metal) elements, whose relative abundances should not be affected by either volatile loss or core formation. The longlived 147 Sm- 143 Nd system has been widely used to trace planetary-scale processes such as the evolution of the bulk silicate Earth (BSE, defined as all the Earth except for its metallic core) and its chemical differentiation into crust and mantle over Earth_s history. The early epic of Earth_s differentiation is better investigated with the short-lived chronometer 146 Nd, because of the lack of available samples from Earth_s first 500 My of existence and the sensitivity of most long-lived radioactive systems to resetting by events occurring later in Earth_s history. Recent studies have reported small 142 Nd/ 144 Nd excesses in a small number of samples from 3.8 Ga from the Isua Supracrustal Belt, Greenland (1, 2) , which is the first evidence for differentiation of the silicate portion of Earth that must have occurred close in time to the well-documented early differentiation of the Moon (3) and Mars (4, 5) . The standard assumption in using this radiometric system to model the geochemical evolution of Earth is that the BSE has Sm/Nd, 143 Terrestrial Sm-Nd evolution. The most active volcanic system on Earth, the global ocean ridge system, erupts magmas with 143 Nd/ 144 Nd ratios considerably higher than any value measured for bulk chondritic meteorites. This value reflects the high Sm/Nd ratio and the general depletion of the oceanic mantle in those elements that selectively partition into melts (the so-called incompatible elements), because Nd is more incompatible than Sm. The incompatible element depletion of the mid-ocean ridge basalt (MORB) source generally is modeled as resulting from the extraction of the incompatible element-rich continental crust over Earth's history. To explain the high Sm/Nd in the MORB source purely by continental crust extraction from a mantle that initially had chondritic Sm/Nd, only roughly one-third to one-half of the mantle can be as incompatible elementdepleted as the MORB source (9) (10) (11) . The rest of the mantle has typically been assumed to have remained primitive, with a chondritic Sm/Nd ratio. However, some observations are difficult to reconcile with this model (12, 13) . For example, recent seismic imaging of the mantle suggests that convective motion may stir at least the upper three-quarters of the mantle (14) , if not most of it. Also, the oldest crustal rocks on Earth (dating to 4 Ga) have superchondritic 143 Nd/ 144 Nd ratios, requiring an episode of even earlier crustal extraction, although only volumetrically insignificant amounts of this pre-4-Ga crust survive at Earth's surface today (15, 16) . Other evidence that the incompatible element depletion that now characterizes the MORB source mantle is an old feature, not related to the formation of the current continental crust, is the presence of excess 129 Xe (derived from the decay of 17-My-half-life 129 I) and Pu-fission Xe in the MORB, which indicate that the source must have been outgassed within 50 My of Earth's formation (17, 18) . (27) have been added to demonstrate the significant excess of 0.2 e units in all the terrestrial material (samples and standard) relative to the mean chondritic value. All terrestrial samples were measured several times using the same procedures as were used for the chondrites. The uncertainties reported on the mean are 2s. (2, 20) .
We measured the isotopic composition of Sm and Nd on a Thermo-Finnigan Triton thermal ionization mass spectrometer using the Nd þ ion beam on samples passed repeatedly through ion-exchange chemistry, in order to reduce Ce and Sm interferences to negligible levels. Details of the analytical procedures and all the raw isotopic data measured on these samples are provided in the supporting online material (21) . All of the analyzed chondrites and basaltic eucrites have 142 Nd/ 144 Nd ratios lower than the La Jolla Nd standard by between -40 and -8 ppm ( Table 1 ). The deviations compared with the terrestrial reference are clearly significant because the external precision (2s) measured on repeated runs is lower than 7 ppm for both samples and standards ( Fig. 1 144 Nd expressed relative to the average for La Jolla Nd). The data for the enstatite (E)-chondrite, Abee, were excluded from this average because of the relatively poor-quality data for this sample. The averages of the basaltic eucrites measured here are indistinguishable within error from these chondrite averages. The chondrite average Sm/Nd ratio is slightly lower than the average of previous chondrite determinations, but our data scatter along a 4.567-Ga 147 Sm-143 Nd isochron ( Fig. 2A) , overlapping other recent chondrite results (8 Nd ratios of terrestrial rocks reflect a nonchondritic Sm/Nd ratio in the BSE or an early differentiation event, the result requires major revision of models of the evolution and structure of Earth's interior. The evolution of the 20-ppm excess in the 142 Nd/ 144 Nd ratios observed in terrestrial rocks requires a superchondritic Sm/Nd ratio, the magnitude of which depends on when the high Sm/Nd ratio was formed. The later the high Sm/Nd reservoir formed, the higher its Sm/Nd ratio must be to evolve the observed excess in 142 Nd/ 144 Nd value compared with that of chondrites. Because the Sm/Nd ratio also affects evolution of the 143 Nd/ 144 Nd value, any formation time for this reservoir more than 30 My after solar system formation would require an Sm/Nd ratio so high that the reservoir would evolve a 143 Nd/ 144 Nd value higher than that measured in MORBs (Fig. 3) . For formation times of 4.562 and 4.537 Ga, the 147 Sm/ 144 Nd ratios needed to evolve a 20-ppm excess in 142 Nd/ 144 Nd value over the average chondrite value in our data are 0.209 and 0.212, respectively, which translate into present-day 143 Nd/ 144 Nd ratios of 0.513041 (e 143 Nd 0 þ8.4) and 0.513129 (e 143 Nd 0 þ10.1). These values overlap the range of Nd isotopic compositions measured in MORBs and also pass through the data for Archean samples (Fig. 4A ).
R E S E A R C H A R T I C L E S
Size
values, including the Isua samples, which are higher still, the earlyformed high Sm/Nd reservoir inside Earth must have been the primary source for crust formation throughout at least the last 4 Gy of Earth's history. Constraints on the size and composition of the high Sm/Nd reservoir (termed here the ''early depleted reservoir'' or EDR), and its low Sm/Nd complement (termed the ''early enriched reservoir'' or EER) can be derived by considering the effect that the continental crust extraction would have on the composition of the mantle from which it was derived. Models relating depletion of the MORB mantle to extraction of the continental crust (9-11) use the mass balance equation of elements between continental crust and depleted mantle
where [x] represents the concentration of element x in the continental crust (CC), MORB source mantle (MORBs), and BSE, and M is the mass of these reservoirs. Given estimates for the average composition of continental crust (29) , the depleted mantle (30), the BSE (31), and the known mass of the continental crust, this equation can be solved, providing the one-third to one-half value mentioned earlier (9-11). However, the nonchondritic 142 Nd/ 144 Nd of all terrestrial rocks requires a new mass balance equation
The Sm/Nd ratio needed to evolve the superchondritic terrestrial 142 Nd/ 144 Nd results in a present-day 143 Nd/ 144 Nd value close to the value measured for the MORB. Therefore, the extraction of continental crust from this already-depleted reservoir (the EDR) cannot have greatly increased the Sm/Nd ratio of the MORB source; otherwise its 143 Nd/ 144 Nd value would have evolved to higher values than those observed for any terrestrial rock.
In order to minimize the effect of continent extraction on the degree of compositional fractionation of the residual mantle, the volume of mantle from which the continental crust was extracted must be large. For example, if the EDR was formed at 4.53 Ga, the 147 Sm/ 144 Nd ratio of 0.213 that is needed to evolve the terrestrial 142 Nd/ 144 Nd value is well matched by adding continental crust (29) to mantle with MORB source composition (30) , only if the volume of mantle is as large as the whole mantle overlying the Dµ layer. In other words, roughly 96% of the mantle must be as incompatible elementdepleted as the MORB source, if the continents formed from an EDR with an Sm/Nd ratio high enough to explain the terrestrial 142 Nd/ 144 Nd value. Sufficient uncertainty exists in the crustal and MORB source compositions to allow a slightly smaller EDR, but the overriding result is that mantle that is compositionally similar to the MORB source must occupy most of the mantle.
The nonchondritic 142 Nd/ 144 Nd value of terrestrial rocks diminishes the importance of a chondritic, or BSE, composition source in the interpretation of the chemical and isotope systematics of Earth. The observation that the Nd-Hf isotope correlation displayed by oceanic basalts does not simultaneously pass through chondritic Hf and Nd isotopic composition is a problem that has led to debate (32) . But there is no reason why this correlation should pass through chondritic composition if these reservoirs were derived from an EDR instead of the BSE. Similarly, the correlation between Nd and Sr isotopic composition defined by oceanic basalts has been used to estimate the BSE values of Sr isotopic composition, and hence Rb/Sr ratio, on the as- 
22 JULY 2005 VOL 309 SCIENCE www.sciencemag.org on January 25, 2011 www.sciencemag.org sumption that Earth should have a chondritic Sm/Nd ratio. This assumption is no longer valid, at least for the portion of the mantle that has participated in crust formation. Thus, the BSE concentration of elements such as Rb and Pb, whose volatility and/or siderophile (metallic phase) nature make it unlikely that they are present in chondritic relative abundances in the BSE, depends strongly on the composition of the complementary enriched reservoir produced during early terrestrial differentiation.
A missing reservoir? The lack of terrestrial samples with subchondritic 142 Nd/ 144 Nd values indicates either that the BSE has a superchondritic Sm/Nd ratio or that the EER that is complementary to the early-formed EDR has never substantially participated in surface volcanism; thus, its composition is poorly constrained. An estimate of the composition of the EER can be obtained from a similar mass-balance approach on the assumption that EDR þ EER 0 BSE, approximating the EDR composition by using that estimated for the MORB source mantle (30) . This approach depends on the accuracy of the BSE composition, which, for the reasons described above, is now robust only for refractory lithophile elements, and on whether the MORB source is an adequate representation of the composition of the EDR. As shown in Fig. 5 , if the EER is small, for example, the size of the Dµ layer, then it must be quite enriched in incompatible elements to explain the magnitude of incompatible element depletion in the EDR. If the EER is as large as the mantle beneath 1600 km (14) , then it will be considerably less enriched than a Dµ EER, but still enriched by about a factor of 2 in most incompatible elements as compared with the BSE. The EER, regardless of its size, would thus contain about 43% of Earth's U, Th, and K, leading to È9 TW of heat production. The lack of a signature of any low 142 Nd/ 144 Nd reservoir in crustal rocks suggests that the EER could reside at the base of the mantle and has not participated in producing rocks sampled at Earth's surface. As such, there is no compelling reason to assume that mantle convection is layered at mid-mantle depths based on the Sm-Nd data, but that there is a convective boundary at great depth in the mantle that has effectively isolated the small EER part of the mantle, unless the BSE has a nonchondritic composition. A similar model for a deep enriched reservoir and its implications for high heat production and for the rare gas evolution of Earth has recently been presented (18) . In these models, the EER could serve both as a heat source for plume formation (33) and as a warm blanket to keep the outer core molten throughout Earth history and provide the energy needed to drive the geodynamo (34) .
How the EER formed is suggested by the smooth BSE-normalized incompatible-element patterns calculated here for the EER. Most of the elements shown in Fig. 5 are refractory Fig. 3 . Sm/Nd ratios needed to produce a 20-ppm excess in 142 Nd/ 144 Nd ratios, depending on when the Sm/Nd ratio is increased from the average chondritic value. The later the fractionation event, the higher the Sm/Nd ratio must be in the second stage to evolve the observed terrestrial excess in 142 Nd/ 144 Nd as compared to chondrites. The corresponding presentday 143 Nd/ 144 Nd ratios [expressed as e 143 Nd relative to the average chondrite values of (6)] for these Sm/Nd ratios are shown for a few points along the curve. High Sm/ Nd reservoirs formed during the first 30 My of Earth's history would be characterized today by an e 143 Nd value lower than þ10 ( 147 Sm/ 144 Nd È 0.21). 
www.sciencemag.org SCIENCE VOL 309 22 JULY 2005 on January 25, 2011 www.sciencemag.org lithophile elements, and this observation is unlikely to be affected by revisions in BSE concentrations, except for elements such as Rb and Pb. The order of elements on the x axis is based on the relative incompatibility of these elements during shallow melting of the mantle (11) , and thus depends primarily on the partition coefficients of clinopyroxene, a phase stable only in the upper few hundred kilometers of the mantle. The smooth patterns for the EER thus suggest that this reservoir was not formed by fractionation of some high-pressure phase such as perovskite, particularly given the distribution coefficients of trace elements recently measured for both Ca-and Mg-perovskite (35) . Instead, a better analog for the EER may be the KREEP (basalts rich in K, rare earth elements, and P) component of the Moon, which is a highly incompatible element-enriched residual liquid believed to have formed at low pressure by near-complete crystallization of a lunar magma ocean (36) . If the terrestrial EER also formed at shallow depth, its lack of contribution to surface volcanism suggests that it now must reside in the deep mantle. The sinking of a dense, Fe-and Ti-rich residual liquid like KREEP through the lunar mantle has been modeled (37) . A similar event may have happened to a shallow terrestrial EER, taking it from near Earth's surface to the base of the mantle. Such a dense layer could be stable at great depth and remain poorly mixed with the rest of the mantle over the age of Earth (33) . The small deficit in 142 Nd (-10 ppm relative to the terrestrial standards) recently reported in a few flood basalts from the Deccan Province (38) (29) to average MORB source mantle (30) until this Sm/Nd is achieved. The composition of the EER is then calculated on the assumption that the composition of the EER and EDR sum to BSE (31) for the various assumed mass ratios of EER and EDR shown in the figure. Asparagines conserved in the 24-residue LRR motif contribute extensive hydrogen-bonding networks for solenoid stabilization. TLR3 is largely masked by carbohydrate, but one face is glycosylation-free, which suggests its potential role in ligand binding and oligomerization. Highly conserved surface residues and a TLR3-specific LRR insertion form a homodimer interface in the crystal, whereas two patches of positively charged residues and a second insertion would provide an appropriate binding site for double-stranded RNA.
Innate immunity is based on an ancient and ubiquitous system of cells and molecules that defend the host against infection. This system can recognize virtually all microbes, using a limited repertoire of germ-line-encoded receptors that recognize broadly conserved components of bacterial and fungal cell walls or genetic material, such as double-stranded viral RNA (1, 2). The Toll-like receptors (TLRs) are among the most important sensors of the innate immune system (3). The ten known human Tolllike receptors recognize pathogen-associated molecules, such as lipoteichoic acid (recognized by TLR2), lipopolysaccharide (TLR4), flagellin (TLR5), and unmethylated CpG DNA motifs (TLR9). Binding of these ligands to TLRs initiates a series of signaling processes that stimulate and orchestrate the innate and adaptive immune responses (4, 5) . Human TLRs are implicated in a number of diseases and, hence, constitute potential therapeutic targets (6, 7) .
TLRs are integral membrane proteins located either on the cell surface or in intracellular compartments. Their extracellular or ectodomains (ECDs) are responsible for ligand binding and contain 19 to 25 leucine-rich repeat (LRR) motifs that are also found in a number of other proteins with diverse cellular functions (8) .
The intracellular domain, known as the Toll/ interleukin-1 receptor homology (TIR) domain, recruits adaptor molecules, such as MyD88, TRIF, and TIRAP, to initiate the signaling process (4, 9) .
Human TLR3 is activated by doublestranded RNA (dsRNA) associated with viral infection (10), endogeneous cellular mRNA (11) , and sequence-independent small interfering RNAs (12) . TLR3 is distinct from other TLRs in that it is not dependent on MyD88 but rather on TRIF for signaling (13) . Other key features of TLR3 signaling include a requirement for phosphorylation of tyrosine residues in the TIR domain (14) and the involvement of phosphatidylinositol-3 kinase (15). In turn, TLR3 activates genes for secreted antiviral cytokines, such as interferon (IFN-b), and those that encode intracellular, viral, stressinducible proteins (16) .
Overall structure. The complete ectodomain of human TLR3 without the N-terminal signal sequence (residues 27 to 700) was expressed using a baculovirus system and purified by Ni-nitrilotriacetic acid (NTA) affinity, ionexchange, and size-exclusion chromatography 
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